Infective endarteritis (IE) was a fatal complication and the most common cause of death (45%) in patients with patent ductus arteriosus (PDA), before the introduction of antibiotic therapy and surgical closure of the ductus. The annual risk of IE in patients with PDA was estimated to be 0-45% [5] . Wide use of antibiotics and surgical closure of PDA has reduced significantly the incidence of IE in patients with PDA, as well as the mortality rate associated with it. Despite these changes, however, the prevention of IE remains the main indication for PDA closure. Two-dimensional echocardiography (transthoracic & transesophageal) is the most sensitive and widely used method in identifying vegetations associated with IE, as well as in detecting the underlying heart disease, even in cases of clinically silent PDA (no symptoms, no murmur).
Case report
A forty-three year old Caucasian woman, with no history of heart disease, was admitted to the hospital due to prolonged fever, palpitations, fatigue and loss of body weight (10 kg) during the past 2 months. Two months before, she had undergone a complicated tooth extraction, which was not completed. The patient did not follow the antibiotic treatment prescribed by the Dentist after the procedure. Twenty-four hours later she developed high fever with chills. During the following two months, her temperature showed fluctuations and was partially controlled with simple analgesic and antipyretic drugs. She did not complain for any other symptoms. It was the marked weakening and palpitations, which led her to seek for medical help.
No further substantial information was obtained from the personal medical and family history of the patient. A few years ago an echo was suggested to her due to a loud systolic murmur, but she did not follow this advice. On physical examination, she appeared to be lean, suffering, with poor dental hygiene. Her BP was 100/75 mmHg, HR was 110 bpm and respiratory rate was 20 breaths/min. There was a palpable thrill and a 4-5/6 continuous murmur with late systolic accentuation at the upper left sternal border. Pulmonary fields were clear on auscultation. The spleen was palpable 4 cm under the left subcostal border. Laboratory investigations revealed hypochromic anemia with microcytosis (Hb 9.66 g/dl), normal white cell count and ESR of 100 mm at the 1 st hour. Renal and liver function were normal. A chest x-ray film demonstrated a consolidation at the base of the right lung and chest CT revealed pulmonary infiltrations in both lungs, suggesting septic emboli (Figure 1 emerging from the descending aorta towards the pulmonary artery at the level of its bifurcation, findings consistent with PDA. Transesophageal echocardiography (TEE) confirmed the presence of PDA and revealed multiple mobile vegetations on the pulmonary artery wall and at the pulmonary end of the PDA (Figure 3 , Video -see Additional file 1). The patient then received 24·10 6 IU of penicillin G and 240 mg of gentamycin IV daily. Ten days later, her temperature normalized and after 4 weeks she underwent a new TEE, in which the vegetations were smaller but still present (no change in number of vegetations, but they appear to be brighter and 2-3 mm shorter)
Figure 1
Chest X-ray showing a consolidation at the base of the right lung (arrow).
( Figure 4 ). After receiving a full six-week antibiotic regimen, she subsequently underwent surgical closure of the PDA. Intraoperative findings: Dilated and atherosclerotic ductus arteriosus with small calcified vegetations across its lumen and at its pulmonary end. Ligation and closure of the ductus were performed without complications. Six months after the surgery the patient remains in a good clinical condition.
Discussion
The presence of PDA is important during fetal life, when most of the output of the right ventricle bypasses the unexpanded lungs by way of the ductus arteriosus [1] . Its closure takes place after birth, functionally, probably as a result of the increased PO 2 and anatomically during the first 6 weeks of life with the development of fibro-connective tissue. In about 1% of all infants the ductus remains patent after the first year of life [5] , probably due to a disturbance of the ductus wall elastic tissue [1] . After this age, spontaneous closure is extremely rare [5] .
The most common complications of this congenital disease are left heart failure and ductus IE, while pulmonary artery IE [6] and aorta or/and PA thrombosis [7] have been reported. PDA is a common cause of CHF in newborns. Development of pulmonary hypertension represents a protective mechanism for LV, as the left to right shunt gets restricted or reversed (Eisenmenger) [8, 9] . The non-restrictive type of PDA is characterized by development of CHF during the first year of life, whether restrictive PDAs usually remain asymptomatic and are accompanied with an increased risk of IE especially after the second decade of life.
IE was the most common cause of death (42 -45%) [5] in these patients before the antibiotic era. Antibiotic use and the development of surgical closure of the ductus have drastically reduced the incidence of IE [10] , so that it is now considered as rare [4] . Nevertheless some investigators suggest that routine closure of PDA for the sole purpose of eliminating the risk of IE is unnecessary [10] . In all
Figure 2
Chest CT demonstrating multiple infiltrations representing septic emboli (arrows).
newborns (even in the prematures), TTE is the method of choice for establishing the diagnosis of PDA. In older patients a PDA is not easily visualized with TTE. TEE, especially multiplane TEE, appears to be more sensitive and of superior diagnostic value in detecting the ductus, assessing the pulmonary/systemic flow and vascular resistance ratios [18] and also the vegetations in case of IE (usually located into the ductus near its pulmonary end). Moreover, TEE can better evaluate the result of surgical or percutaneous closure [11, 12] . Patients with a PDA are at an intermediate to high risk of IE and should be prescribed antibiotic prophylactic treatment according to the AHA guidelines for high-risk patients.
PDA treatment can be conservative or invasive (surgical or percutaneous). Indomethacin (0.2 mg/kg IV administered during the first 2 -7 days of life) is the appropriate drug therapy [1] . In 10% of patients who do not respond to Indomethacin, invasive closure of the ductus needs to be considered. PDA with echo evidence of volume overloaded or failing LV has to be operated in order to avoid clinical CHF [10] . In addition, IE seems to occur more often in high shunt-flow ductuses (i.e. larger in diameter), although cases of IE in clinically silent PDAs have been reported [13, 17] . A low shunt-flow PDA which doesn't seem to affect LV both clinically and in serial echo evaluation, poses the question whether it should be closed in order to diminish the possibility of IE, which increases further with age [5] . In our experience, the most appropriate strategy is to refer all PDAs but the clinically silent ones for invasive closure, inasmuch as the best method to follow-up the non-operated patients has not been established yet. Surgical techniques for PDA closure include ligation and division, simple ligation, hemaclip application [14] and minimally invasive techniques, such as video-assisted thoracoscopic surgery [19] . Development of percutaneous closure of PDA (Rashkind double umbrella, single or multiple coils, implanted Amplatzer duct occluder) shows good results with minimum complications and is considered to be a safe and feasible alternative for adult patients who are either not fit for open chest surgery or who prefer a less invasive approach [15, 16, 21] . Single coil transcatheter occlusion is recommended for small ducts (< 2 mm), while multiple coil approach or Amplatzer duct occluder is preferred for a larger ductus [16, 20] . Occlusion rates achieved with this regimen are above 95% [16] . In elderly patients, surgical treatment
Figure 4
Comparison of the size of the vegetations 25 days after antibiotic treatment, as they are seen by transesophageal Echo. might be advocated due to technical difficulties for percutaneous closure (calcified aortic arch) or concomitant lesions to be treated such as aortic stenosis or severe coronary artery disease [22] .
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